TITLE AZEOTROPE-LIKE MIXTURES COMPRISING HEPTAFLUOROCYCLOPENTANE 5CROSS
REFERENCE(S) TO RELATED APPLICATION(S) This application claims the benefit of priority of
U.S. Provisional Application 60/874,365, filed December 12, 2006. BACKGROUND INFORMATION
10Field of the Disclosure This disclosure relatesgig-general to novel azeotropic or azeotropelike

compositions useful as solvents for cleanin agggcatlons. Description of the Related Art
Chlorofluorocarbon (CFC) comPétrdd ﬁgﬁehj R MK SR ERSPOMARIBEINGea of semiconductor

manufacture to clean surfaces such gsgpagireticdifonsaa. hiswrve(ghlorine-containing compounds
such as CFC compounds are considered to be detrimental to the Earth's ozone layer. in addition,
many of the hydrofluorocarbons used to replace CFC compounds have been found to contribute to

global warming. Therefor@wg_@g@;Ep@g%@@p@@yﬁ@m@@g&m@mﬁﬁlvems for
ntami

cleaning applications, such as removing residual flux, Tubricant or oi , and particles.

There is also a need for iGEhBREAGFTIBR Rires (eh Rerr Heplorripinopfibb ol Misavisienahd for drying
or dewatering of sighsicatrsnibalBrrsbeenipDRsEA R Ao pEOlutions. 25Azeotropic
compositions comprising about 58-68 weight percent 1,1,1,2,3,4,4,5,5,5-decafluoropentane
(HFC-43-10mee) and about 32-42 weight percent trans-1,2-dichloroethylene are described in US
Patent 5,196,137. Azeotropic COmpositipNSICaMPsiFias aleuiae wejght percent
301,1,2,2,3,3,4-heptafluorocyclopentane (HFCP) and about 50-99 Weight percént
trans-1,2-di1:?1lor JhES e BERPIE] in US Patent 7,067,468, Solvent compositions comprising

1.2,2,3,3,4- heptafluoroaysip prsrisit FER: 1 gblash WHGILRBIEARBIL BFS,0E5EHPRd In US

Patent 6,312,759, SUMMARY Disclosed is an azeotrope-like composition comprising: from about 2%

by weight to abolt 8RB LIGRE HSERY B RRIYSRISSR Siaabipg ABRliERELBUD consisting of

1,1,1,2,2,3,4,5,5 BélesaituniaranapepndbAkl, 1,3,3-pentafluorobutane, from about 2% by weight to
about 50% by weight 1,1,2I,2,3 3,4-heptafluorocyclopentane, and an amount effective in dissolving oils
and contaminants of tranSIPRIHHRFEENLRE T aRtPerBRbbavRORearusRbRIGaSIVEIvent

composition LomiprigiBGfexmbaertideriadigr hish\eIghiRS S an surfaces such as
1,1,1,2,2,3,4,5,5,5-decafluoropentane and 10from about 85 to about 1 percent by weight 1,1,2,2,3,3,4-
heptafluorocycloPeReari SISt MeRias oW Vst dpineceriBining GomeraURgR BUTh @5 The
foregoing generapeeserpion S thrfebpuinardataled dRscHRUAmAIS SXempiary apd explanatory

only and are notcgqe;trictive of 15the invention, as defined in the appended claims. BRIEF

DESCRIPTION GHYSHETRSAICEany af theotnresfyeracaihensdsrrtte mRiBamamang figures to

improve understaegitdbohaenerisRERTRAANISE BeFRb ISl dRHUrG AR HYStHtic 8 dual bulb
distillation %ppara}g'us ) . . .
U there is a need to identify new environmentally safe solvents for cleaning

applications, such as removing residual flux, lubricant or oil contaminants,
and particles. There is also a need for identification of new solvanis for
deposition of fluorolubricants and for drying or dewatering of substrates
that have been processed in agueous solutions.

25 Azeotropic compositions comprising about 58-68 weight percent
1.1.1,2,3,4,4,5,5,5-decafluoropentans (HFC-43-10mee) and about 32-42
weight percent trans-1,2-dichioroethylene are described in US Patent
2,196,137.

Azeotropic composifions comprising about 1-50 weight percent

30 1,1,2,2,3,3 4-heptafluorocyciopentane (HFCP) and about 50-99 weight

percent trans-1,2-dichloroethylene are described in US Patent 7,067 468.

Solvent compositions comprising 1,2,2,3,3,4-
heptafluorocyclopentane (HFCP) and at least one organic sclvent are
described in US Patent 6,312,750.



20used to determine compositions of constant boiling mixtures. Skilled artisans appreciate that
objects in the figures are illustrated for simplicity and clarity and have not necessarily been drawn to
scale. For example, the dimensions of some of the objects in the figures may be exaggerated relative
to other objects to help to improve understandingSul iv@rnodiments. DETAILED DESCRIPTION
The present disclosure r,ovides ew azeotropic ar@gzeotro e;like com%psitions comn%gsin
hydrofluorocarbon mixt & és%ﬁj?t%‘%ﬁ%eﬁ ?Rﬁﬂ? ﬁ‘ﬁ?&h%ﬁ ésgl%ligﬁfg o erly
served by 30 CF2%uypesighs tJ Boeensgsitgnasibtitopee sgaroficiosteetpossesectate or all of the
desired properties of little or no environmental impagt Bé)%lt %(?i solve oils retases or fluxes. In
particular, these %8%? ﬁé?ypa%%ﬁ’éhf@a?ﬁﬂa'éo%gp - ké 1 8%0(9%@ ﬁﬂ?p%ﬂ s not found
in binary azgotropj¢ AR Besitieatuorob XSRS Afoaz QY epevikRy oo REsiiiars 0opyising: from
about 2% by weight to about 50% by weighj, of a hydrofluorocarbon selected 5from the group
consisting of 1 1IIE b NGRS SRS S ABAIBPSELENE R hbout 256 by
weight to about H)¥eblyingios dddc2Rarmentade ameycigpelithnsoidyeenameanainefestive in
dissolving oils and con%ﬁminants of trans-1, -dichl?roe h?/éene. I%another embodiment, the

azeotrope-like ccﬁ'ﬁbtb% quﬁ%ﬂ%mﬁﬁ FroryHOLETTRET '%%&W)B'%ﬁ)gv @ﬁt%?%%talcohol. In
another embodimeénto afledin GO cashght senamitcOMoB| i £@MmEsiegdfudraberttddd@atiout 99
weight percent 1,1,1,2,2,3,4,5.5,5-decaflyoropentane and f oyt,85 to about 1 percent by weight
1,1,%,2,%,3,%)-he st 8)‘7'& Eéﬁtﬁﬂ@%ﬁe?g%ﬂ?g%%@ﬁ%%gﬁ%#%‘% anositionﬁs less th)z:m 0 g
15Before addrespiagtdfiaiieofsiopeedinenis dasieriprdikaloimgspoiet tef the ayeriplisitidwiclarified.

As used herein, an azeotropic.composition is a constant boiling liquid admixture of two or more
substances whejlaﬁstﬁ?éaé‘d i>§ture distills without substantial composition change and behaves as a

constant boiling 20comprséiftegoing yurkeding=compositiang, wbiehliaigsh aleriisded as azeotropic,
exhibit either a maximuym, or a minimum boiling point, as comga:jed with that %f thei n n-aziotropic
v Refsa”

mixtures of the s ﬁ'\%%'@&%ﬁé@f’ﬁg[‘}%ia r%’b%féiﬂém §e%“ﬁe?é?n’1 W%& neous

azeotropesiwhichiareriggndsd raixtsasal iwener apgrendeslibisiiances that behave as a single
substance, in that the vapor, produced by partial evaporation or distillation of the liquid has the same

composition as the liquid. Azeot®RIECODPESIRIRS ONIRH NEtEIMAsMMNIEE: heterogeneous
azeotropes where the liquid phase splits into two or more liquid phases. In these embodiments, at the
azeotropic point, the vaftmBopasets anebutitatand wittheackhguid phases fagutes] three phases have
different compositions. If the tw. ujlibrivm liqui es.af ogeneous azeotrope are
combined and thé‘g c%%\f)%slj |§r? %ft%?ﬁlg [g\%&égﬁ: %‘lé%p%%%%eé é% %ﬁ%ecf] %%%ould be identical to the
composition of the vapoF ghasdanciudeasassdudieatin tiatdual aubotispbikancapmaositisn” also
sometimes.teferred tQ as & ggﬂ azeo IC sidaon, E{]sfi?:]; . t iling, or substantially
constant boillng |I%1%?§ a?gr%%( ure é%tév%}ﬂc}??%%grgegsgu#s%a%nnces t a@ﬁ%&?’e@%? g"single substance. One
way to characterize 5an Skiflet aptisies capppesititen tisathalb bty dp bnp figluesceny asisstadiporation

distillation of the liauid K tantial tion.as. the liaui oh it
cvaporated or didgle g e e R e B B o B M hange.
Another way to chameksinplantbeatitrepsiikes cfrmpoitiohtietobjtkés 10 hbhiiipetnapbe pressure
 th " . ; - .
oo A e A B LR O Mo

compositio2s regrovedisoehtas by evaporation or boiling off, the difference in vapor pressure
between the original composition and

DETAILED DESCRIPTION

The present disclosure provides new azeotropic and azeotrope-like
compositions comprising hydroflucrocarbon mixiures. These
compositions have utility in many of the applications formerly served by

30 CFC compounds. The compositions of the present disciosure possess
some or all of the desired properties of little or no environmental impact,

ability to dissoive cils, greases or fiuxes. In pariicular, these novel termnary



15the composition remaining after 50 weight percent of the original composition has been removed by
evaporation or boil off is less than 10 percent. As used herein, the terms "comprises," "comprising,”
“includes,"” "including," "has," "having" or any other variation thereof, are intended to 20cover a
non-exclusive inchisiomropit Q%amﬂ&wéﬂm@cmﬁMi@:&%e‘?rﬁ%g Fﬁgﬁﬁt}ﬁm%%s st
elements is not necessarily limited to only those elements but may include other elements not
expressly listed o%'iﬁﬁ@’r@%@@?dﬁ ProUeSs tiRBod, article, or apparatus. Further, unless expressly

stated to the contrary, "qigefesedaBANSkivR 05 ARG BBHIB AN MEiRk- FOLE¥SARle. &
condition A or B ;%tiat@isfied, bgéany one of the folﬁjwin?éA iséﬁﬁfﬁ@ﬁg"ﬁ% @%@f%g)r not
{

present), A is fal WERELAAT AR B bY weishisei) hidtrBuorocarks sstestetdr present).
Also, use of 5" ofrbantiesenatplesdisxignsrine slomenta 3 B0,camparigpis-iengrie herein. This
0

is done merely for convenience and to give a general sense of the scope of the invention. This

description should ‘Be'raRE MR e ane e AprubrGathy sieignitalsbmntioas be plural
unless it is obviougdigat it i$, Mean BUbRENIERAUorocIBHR AU &I SYFESRANAINgHE c%%mns within

the Periodic Table,of the elements use the "New Notation" convention as seen In the dq-landbook

of Chemistry andBHRANEIEE BOfiGRTTM a0t pf tiaess siréiahissamshisheall e einoitaand

scientific terms usesbpbipfein haedhas ' 3 dinary
skill in the ?r to \ﬁg}é? this invention beloﬁg%ﬁgﬁﬁwgﬂﬂ%ﬁg%ﬁ%ﬁ?ﬁ (%kge&qgitjrivalent to
cribed

those des A BaRES ety VeV ralapaiabatintp @notwidamdmsgiotant present invention,
suitable methodsmmldfe@isdﬁl§@%ﬂ?§§ﬁ%ﬁ%ﬁ%ﬂ%§%msaﬂﬁéﬁ"fle?BBE?ﬁ@%fPS' patents,
n

and other references g;entioned herein are incorporated by reference in their entirety, unless a

particular passag¥ HEARFPELdelof coffict e Bressafiupeerritane aniiiom abiokidhsowil
control. In addiiasb e Mpéeciers sNaght and xagplesaisdiiialiatiye spbnakghiyended o be
P

limiting. 15In one em&odiment, the compositions of the disclosure comprise essentially constant

boiling compositigie FHFENSrBUPE 6 i FRERARHAT edessmthgarBiftorocarbon selected from the
group consisting of 1,1, B2f3ré,4&ge2<€lR ~43- 1.3.3:
grsampeniansdiinied &Q%ﬁgﬁggg@n%oﬁne

pentafluorobutang ﬁ'%gc'% mfc), 1,1,22,3,3,4-heptafluorocyclopentane 2
trans-1,2-dichlorSBtAIRE TIPS Rirkeantetomee is a colorless liquid having a boiling point of 53 C.

HFC-365mfc is a colorlss digeiiadig arbabasraint ebARSFidARCE ibAddiERalig At ambient
temperature, haVln%%gﬁﬁ%%pomt of about 20 C. HFCP has a boiling point at amblengpressure of

about 82 C. The 13 BRI 95 MEH sHEStaas WIS RNt aRImboushdigliight of a

hydrofluorocarbonitieietieatiseintibe R SARTISHNS Riclahd Schavh o 2:5 daralligrgaaNgne and
1,1,1,3,3-pentafluorobutane, from about 2% by weight to about 50% by weight

1,1,2,2,3,32 he SRS HRo peRtFi@nA RO URS ARSIRPE SRR evichs 36 Fhpoastanizacbataminants of
trans-1,2- 30dichiprestitylRNexhibiPBigfiacivARmaunt of g@ﬂﬁ%’ﬂ%ﬂ{ﬁﬁtﬁglﬁﬂ%? an amount

which results in substantial solubility of common oils and other contaminants in the solvent

composition. Th& BFRAIGE Mo HEHRV DS RsERRHGRIp SR #atRS Sheneadiiger components in the
solvent composiispstandsieperdingamenviphationdektis LPRPRIHiLLYRPrises an alcohol, butin

all cases is readily determined with minimal experimentation. In one embodiment, when the

hydrofluorocarbdFig'$9F 7804327 8H 8RR WIBFoRkh g AR e offtwe, orammed 5.5,5-

decafluoropentasaletari:a:2t83 Berepiafbposygapeniigrisd i %ﬁfﬁé%@mc?@@éed
trans-1,2-dichlor ethélﬂ%%j IS 47%?Rg)wei ht. In another embodiment, when the hydrofluorocarbon is

1,1,1,3,3- pentafftio Y PATHICRH6 BEkIBHoR Sifbgrinuist diandhe game composition
1,1,2,2,3,3,4-hepaftteritgyiloprrsaneisd dorp edigstvaamenatrl tangistohdidighloroethylene is
41% by weight. |i[]'l one embodiment, the compositions comprise an essentially
eterogeneous azeotropes where the liquid phase splits into two or more
hquid phases. In these embodiments, at the azeotropic point, the vapor
30 phase is in equilibrium with two liquid phases and all three phases have
different compositions. If the two equilibrium liguid phases of a
heterogeneous azeotrope are combined and the composition of the overall

liguid phase caiculated, this would be identical to the composition of the
vapor phase.



constant boiling mixture comprising from about 2% by weight to about 44% by weight of
1,1,1,2,2,3,4,5,5,5-decafluoropentane, from about 2% by weight to about 50% by weight
1,1,2,2,3,3,4-heptafluorocyclopentane, and 15at least 47% by weight trans-1,2-dichloroethylene. In

another embodiment, thscogaPREIRRS, CREVSHSS BxEssRIiAliKE RRHEdircGIixture comprising

from about 10% by weight to about 50% by weight of 1,1,1,3,3-pentafluorobutane, from about 2% by
weight to about S¥RBYTMRSJIRIETES 0P8 NREpAFBBHARIESHEMSSHINh HERBS 1I9P B Weight

20urans-1,2-dichiggy lsnsuba@Amiley asesiss iaigemPAsHipRSROsRHESOR rssentially

constant boiling mixture comprising from about 2% by weight to about 35% by weight of

1,1,1,2,2,3,4,5,5 3AstaACRT S PRhREAYRSRRB0RINE BYRRMING0 SFSUIVBYIPRNFEagiRrize
1,1,2,2,3,3,45hepiaflacemteraiaiinandinen e thab ght KR Y, WRIGEL OPeH N0 by weight

trans-1,2- dichloroethylene. In yet another embodiment, the compositions comprise an essentially

constant boiling ¥aRREaisHRIHRfHatensd deedimidhasriubsaptiabotasyaafnt of
1,1,1,2,2,3,4,5,5 ecs88er0 B8t Ry (o 8ROHHRSA RwMeIghbiSRRRIY SP%dRTaveioidy1,2,2,3,3,4-

30 heptafluorocyclopentane, and from about 60% by weight to about 58% by weight

trans-1,2-dichlordetHyfeREmoduse fsierefvsswinow s eoripolial smppaiink @wdtaly
constant boiling, AzRAtEPRAKe eRRaSieRe cRMPIINGHomM@lthp¥sswaighitiambout 10% by
weight of 1,1,1,2,2,3,4,5,5,5- decafluoropentane, from about 1% by weight to about 60% by weight
1,1,2,2,3,3,ihe ptaRieoRrgEIb N BRRIRSESHTRIHh BISoERIORSHCR AB A RPHRH RS YRREIght
trans-l,2-dich'0rceﬁ§§§9?@oﬂwék@ﬂﬁﬁwﬁn%déwsdu%%ﬂgﬁaaﬁé eREIBlBSEASANYally constant

boiling, 5 azeotrope-like compositions comprising from about 39% by weif%lzt to about 85% by weight of

1,111 2,2,3,4,5 S S&EBAudnGHRIaR SRR EEB I AASP RIS db eI GR BrPeight
1,1,2,2,3,3,4- hepyafiuaipey BPesrapSsifon f@@ﬁ%@é&%*&@@%ﬁ%@@l&ﬁ@%@bﬁﬁ%ﬁight

trans-1,2-dichloroethylene. 10In another embodiment, the compositions of the disclosure further

comprise from atddffit I difSTaRsa 18 ¥RBAE BIBISH IR ETEIN AR SHSIINAh SARBRBIICIh A one or
more alcohgks seiggled ipasifieroronRrmagianee sbrarianglertbanet tpwmsinal 2,-propanol and

2-methyl-2- propanoi. In one such embodiment, the compositions comprise essentially 15constant
boiling, azeotrop&ARPESHBBASRECSHBIMG FrE RARRRBHICH AN B PIb 18188E 5098 P weight of
1,1,1,2,2,3,4,5,S,EBQ%}?{ﬂuoropentane, from about 5% by weight to about 50% by weight
1,1,2,2,3,3,4-heptafluorocyclopentane, at least 47% by weight trans-1,2- dich|oroethylene, and from

about 1% by weight to aP® ¥ BSRiBigiEIIT 8N GHROPGLFaR: arkAR &S difREMABR compositions

comprise essentighseRnsianthailing, Azagtrepenil aNRAHHOBS GsIBHS ReTRRB oYL 8% by
weight to about 25% by weight of 1,1,1,2,2,3,4,5,5,5- decafluoropentane, from about 2% by weight to
about 20% By weReL 3 PO LEHURBIS AN GBI el dHRN BT RGN EDRRESSo M IR ATt Ebout 25

90% by weight trapsapafliehdonostyiepsisdiam Aau kANl hicesakarhbitedveight of an

alcohol In one embodiment, the present inventive azeotropic compositions are effective cleaning

agents, defluxersi Hias slememsRit foRy IHd SR ot R emRRIa IS RIRIESSM ISLRIORS are

useful when de-flixiage3f) 161EqHRINRKIS With STBROBAM RS Wehas driRANIF Wit (halbasid array),
and Chip scale or other advanced hig*?g—egensity packaging components. Flip chips, 'AGA, and Chip

scale are terms tISARRSENLERIBH KIS OpRAR IRy IS8 ieAs (R Ee" e B htR B industry
and are wel indesgéngshiy dRosRexking I8, thedaldiBhanaherierekosiae byihbe pmsery ifiention

relates to a process  for removing residue from a surface or substrate, compriﬂr{g; contacting 5the
5

surface or substrAAUMIAG BripBER A RTEREFLE ST BRFAISS APTetBURSHY 88 or

substrate from theceqiappadidint) anth B RracRSFoPPRAEMEN: 6f tBetiNKeaHE s ek fage or substrate
may be an integrated circuit device, in which case, the residue comprises rosin flux or oil. The

integrated circuit BERF&&Fhay be a circuit board with 10various types of components, such as Flip
chips, pI3GAS5, or Chip sagle haskagmng eprpongeismpr sudfaceiesstbstetarpaksagsttionally be a

30 componentis described herein. This is done merely for convenience and to
give a general sense of the scope of the invention. This description
should be read to include one or at least one and the singular aiso

includes the plural unless it is cbvious that it is meant otherwise.



metal surface such as stainless steel. The rosin flux may be any type commonly used in the soldering
of-integrated circuit devices, including but not limited to RMA (rosin mildly activated), RA (rosin
activated), WS (water 15soluble), and OA (organic acid). Oil residues include but are not limited to

mineral oils, motor oils, aE@sHiFARRLAIE. dBARRIMINEBOSERIN R RAR B aasiRcHag the surface

or substrate is not critical and may be accomplished by immersion of the device in a bath containing

the composition, SpiBFISEMeREHse (e NewdNwaiieiransenlion gsressiodhwitBGubstrate that
has been wet with/He-8RiaR &5tk rAREN aHYE JR%-COFPOSHAR MR %Be y5ed in a vapor

degreasing or defluxing apparatus designed for such residue removal. Such vapor degreasing or

defiuxing equipment is avaiasolipRaRsliefisasp iRl desivrcal mod seigntificnienogyu@esubsidiary of
the Crest 255 roueripr kRN, JapkelifuaiRg dUsmrlrdtn AIUILAS BFofidagiend, PA) among

others. In one embodiment, there is a significant and unexpected increase in the solubility of oils

and oil residues WRHRaMETE BBk WRishithit oneokionhelings. phlteon aissretieds30in
another embodimgny, shigisal/kimiper 8d0laKHHIR R JhauithakaiBPientismperalue. Adding

small amounts of other hydrofluorocarbons can produce solvent compositions which are liquid at

temperatures frof? b RIBCHFBLIIREES of Enanseiidhe Brrseml tirenbesc sWbHYanclude
1,1,1,2,3,4,4,5,5 eacsds iop oneenan drb HEbS 308 Dl oV NSicatidiany Aspects and

embodiments have been described above and are merely exemplary and not limiting. After reading

this specificttion Zilisatiensanaigsite dataingotniaraspesehiereEdRIRIRt8 e possible without
departing from the,seepsrafdhe. NreRigRcO RS A RNARAN LARNETILS o ARy R eigf the

854l
embodiments herein described will be apparent from the foliowmg examples, an% from%he claims.

10EXAMPLES CiteRe dbfassiebespfisedtherissantrrrstieatinsdishaingréamiiantg examples,
which do not "miwlﬂ?c%ﬁ%P&.Oiﬁ@dmﬁﬂﬁi@ﬂ&ﬁﬁft@%ﬂsﬁx@%a@%n@@@@slare Example 1

demonstrates an essentially constant boiling mixture of HFC-43-10mee, HFC-c44/ and
trans-12-dichloro8W#SEREE only gagisy Brtandes tebeslingting)/o HFC-c447 and 59% trans-1,2-

dichloroethylgne was prepajied anghariReriIar aBMpHagisAN e tuaRipiarechinAial bulb
apparatus as shown in Elﬂure 1. One flask (the boil sump) was operated at the boiling point of the

solution. The vapBEednt@Hscamstatheelinensamneaiienmedicihie arratrere-isved by gravity
back into the firstdlashxiliS MR SFAFER RGPl S YRR ABH FSSORYPGRIN BRGNS BEUMP Wlere

measured over a course of 470 25minutes. Results obtained are summarized in Table I. TABLE'
Sample (time) Temp dbdifstihs Gcyecafluoropentane (HFC-43-10mee) and 1,1,1,3,3-

pentafiuorobutane (HFC-385mfc), 1,1,2,2,3,3, 4-heptafiuorocyciopentane

20  (HFCP) and trans-1,2-dichioroethylene ({-DCE). HFC-43-10meeis a
colariess liquid having a boiling point of 53 °C. HFC-385mic is a coloriess
liguid having a boiling point of 40.8 °C. HFCP is a white solid at ambient
temperature, having a melting point of about 20 °C. HFCP has a boiling
point at ambient pressure of about 82 °C. The compositions comprise

25 from about 2% by weight to about 50% by weight of a hydrofluorocarbon
selected from the group consisting of 1,1,1,2,2,3,4,5,5,5-
decafluoropentane and 1,1,1,3,3-pentafluorobutane, from about 2% by
weight to about 50% by weight 1,1,2,2,3,3, 4-heptafiuorocyciopentane, and
an amouni effective in dissolving oils and contaminants of trans-1,2-

30  dichioroethyiene,

An effective amount of trans-1,2-dichloroethylene is an amount

which results in substantial solubility of common oils and other
contaminants in the solvent composition. The effective amount may vary

depending upon the ratic of the other components in the solvent

5



H F C-43- 10mee % H FC-0447 % trans DCE 1 47.6 43.05.451.6 2 47.0 40.4 6.1 53.5347.2 39.7 6.3
54.0 4 46.7 39.3 6.5 54.2 Results show the boiling point and composition do not change significantly
over time and therefore can be considered azeotrope-like. 5 Example 2 A solution of 15%

HFC-43(-]|10,35° e , 88%odeprmdindy dishiovaaiiyiens aind theclaopiegitibalcohol was
prepared and mixed thoroughly. The solution was placed in a dual bulb apparatys as shown in Figure
1. One flask (thﬂ%@ﬁ%ﬁ%ﬂ%&%@%ﬁﬁtéﬂﬁ@%‘%ﬁﬂ ik %rggﬁ%% .[%{fhg‘% condensed

into the second BagefiRARIRAUTP b SAbdTomed hgtrd tyarohiorotaetiatifask. The
435 minutes. Res i Aot are SHFRLDEET PSCOLBRABIED Bimerirteg oo o
5 decafluoropentane to 1,1,2,2,3,3 4-heptafluorocyclopentane is 1:1, an
effective amount of trans-1,2-dichloroethylene is 47% by weight. in
another embodiment, when the hydrofluorocarbon is 1,1,1,3,3-
pemntafluorcbutane and the ratio of 1,1,1,3,3-pentaflucrobutane to
1,1,2,.2,3,3 4-heptafluorocyclopentane is 1:1, an effective amount of trans-
10 1,2-dichloroethylene is 41% by weight.
in one embodiment, the compositions comprise an essentially
constant boiling mixture comprising from about 2% by weight to about
44% by weight of 1,1,1,2,2,3,4,5,5,5-decafluoropentane, from about 2% by
weight to about 50% by weight 1,1,2,2,3,3 4-heptafluorocyciopentane, and
15  at least 47% by weight trans-1,2-dichioroethylene. In another
embodiment, the compositions comprise an essentially constant boiling
mixture comprising from about 10% by weight to about 50% by weight of
1,1,1,3,3-pentafluorobutane, from about 2% by weight to about 30% by
weight 1,1,2,2,3,3,4-heptaﬂuorocyciopeﬁtane, and at least 41% by weight
26 t{rans-1,2-dichioroethylene.
in another embodiment, the compositions comprise an essentially
constant boiling mixture comprising from about 2% by weight to about
35% by weight of 1,1,1,2,2,3 4,5,5,5-decafluoropentane, from about 2% by
weight to about 30% by weight 1,1,2,2,3,3,4-heptafluorocyclopentane, and
25  from about 54% by weight to about 80% by weight trans-1,2-
dichlorosethylene. In yet another embodiment, the compositions comprise
an essentially constant boiling mixture comprising from about 5% by
weight to about 20% by weight of 1,1,1,2,2,3,4,5,5 5-decafluoropentane,
from about 5% by weight to about 20% by weight 1,1,2,2,3,3 4~
30 heptafiuorocyciopentane, and from about 80% by weight fo about 88% Dy
weight trans-1,2-dichloroethylene.
in ancther embodiment, the compositions comprise essentially
constant boiling, azeotrope-iike compositions comprising from about 1%
by weight to about 10% by weight of 1,1,1,2,2,34,5,5,5-

8



Temp of boil sump % HFC- 43-10mee % HFC- 0447 % trans DOE /O IPA (C) 46.3i19.013.0 67.3
0.7246.818.712.967.4 1.0 46.818.413.067.31.2 Results show the boiling point and
composition does not change significantly over time and therefore can be considered azeotrope-like.

Example 3 20A gakuificpbpentard Guti-2000:0% et 8728 JatE% béweight

10

15

25

30

1,1,2,2,3,3,4-heptafluorocyclopentane, and from about 30% by weight to
about 98% by weight trans-1,2-dichioroethyiene. in yet another
embodiment, the composiiions comprise essentially constant boiling,
azeotrope-like compaositions comprising from about 39% by weight 1o
about 85% by weight of 1,1,1,2,2,3 4,5 5,5-decaflucropentane, from about
1% by weight to about 20% by weight 1,1,2,2,3,3 4-
heptafluorocyclopentane, and from about 14% by weight to about 60% by
weight trans-1,2-dichloroethyiene.

in another embodiment, the compaositions of the disclosure further
comprise from about 1% by weight to about 6% by weight of an alcohol.
The alcohol can be one or more aicohols selected from the group
consisting of methanol, ethanol, 1-propanol, 2,-propanol and 2-methyl-2-
propanol. In one such embodiment, the compositions comprise essentiériiy
constant boiiing, azeotrope-like compositions comprising from about 5%
by weight to about 50% by weight of 1,1,1,2,2,3.4,5,5,5-
decafluoropentane, from about 5% by weight to about 50% by weight
1,1.2,2,3,3,4-heptafluorocyclopentane, at least 47% by weight trans-1.2-
dichloroethylene, and from about 1% by weight to about 6% by weight of
an alcohol. In another embodiment, the compositions comprise essentially
constant boiling, azeotrope-like compositions comprising from about 2%
by weight to about 25% by weight of 1,1,1,2.2,3,4,5,56,5-
decafluoropentane, from about 2% by weight to about 20% by weight
1,1.2,2,3,3 4-heptafluorocyciopentane, from about 60% by weight fo about
90% by weight trans-1,2-dichioroethylene, and from about 2% by weight to
about 5% by weight of an alcohol

in one embodiment, the present inveniive azeotropic compositions
are effective cleaning agents, defluxers and degreasers. In particular, the
present inventive azeotropic compositions are useful when de-fluxing
circult boards with components such as Flip chip, uBGA (ball grid array),
and Chip scale or other advanced high-density packaging components.

Fiip chips, uBGA, and Chip scaie are terms that describe high density



dichloroethylene and 3.0 % methanol was prepared and mixed thoroughly. The solution was placed in
a dual bulb apparatus as shown in Figure 1. One flask (the boil sump) was operated at the boiling
point of the solution. The vapor condensed into the second flask (the distillate sump), which then

flowed by gravityhagta iy BeiEdiBss dSedempeabig-ebileubel ruiiep2addNgeemmposition of

the distillate sump were measured over a course of 390 minutes. Results obtained are summarized in

Table 3. TABLE 8rsigrirodimeshase werdss o MedeithG- 43-10mee A) HFC- c447 % trans DOE %

methanol ( C)

10

15

23

30

1 (60 pirgrhirbBehmbédith8rt the a8 hvention relates to a process

for removing residue from a surface or subsirate, comprising: contacting
the surface or substrate with a composition of the present invention and
recovering the surface or substrate from the composition.

in a process embodiment of the invention, the surface or substrate
may be an integrated circuit device, in which case, the residue comprises
rosin flux or oil. The integrated circuit device may be a circuit board with
various types of components, such as Flip chips, nBGAs, or Chip scale
packaging components. The surface or substrate may additionaliy be a
metal surface such as stainiess steel. The rosin flux may be any type
commonly used in the soldering of integrated circuit devices, including but
not limited to RMA {rosin mildly activated), RA {rosin activated), WS (water
soluble}, and OA (organic acid). Oil residues inciude but are not iimited 1o
mineral oils, motor oils, and silicone oils.

In the inventive process, the means for contacting the surface or
substrate is not critical and may be accomplished by immersion of the
device in a bath containing the composition, spraving the device with the
compaosifion or wiping the device with a substrate that has been wet with
the composition. Alternatively, the composition may also be used in a
vapor degreasing or defluxing apparatus designad for such residue
removal. Such vapor degreasing or defiuxing equipment is available from
various suppiiers such as Forward Technoiogy (a subsidiary of the Crest
Group, Trenton, NJj, Trek Indusiries (Azusa, CA), and Ulironix, Inc.
(Hatfield, PA) among others.

in one embodiment, there is a significant and unexpected increase
in the solubility of oils and oil residues which are removed by the cleaning
compositions of the present disclosure, _

in another embodiment, it is useful o be abie to have HFCP be a
iquid at ambient temperature. Adding small amounts of other
hydrofluorocarbons can produce solvent compositions which are liguid at

temperatures from ambient to as low as 0 °C. in one embodiment, such



5.75.285.63.5min) 3 (390 F46.55.8 5.2 85.2 3.8 min) Example 4 10A solution_ of 6.2 %
HFC-43-10, 6.1 tito HFC-c447, 87.7 % trans 1,2- dichloroethylene was prepgred and mlxed_
thoroughly. The solution was placed in a dual bulb apparatus as shown in Figure 1. The boil flask was

operated at the bﬂ#@ﬂ:ﬁ@&%@éﬁﬁ@r@%%é Qeaiv;{u%)r% l&gg\%ﬁgﬁ% %rggﬂ@c%ﬁsrgeggg flask (the distillate

"
flask), which then flowed by gravity back 15into the emperatl CaCR el flas_,k and the
composition of thd didtiflateraatrliverebnéasared over a course of 480 minutes. Results obtained are

summarized in Table 4. af. B SADRIESURBHIMERL RALEWAR Y Sdscribed above and

are merely exemplary and not limiting. After reading this specification,

5  skilled arisans appreciate that other aspects and embodiments are
possible without departing from the scope of the invention.
Other features and benefits of any one or more of the embodiments herein
described will be apparent from the foliowing examples, and from the
claims,

10 EXAMPLES

The concepts described herein will be further described in the
following examples, which do not limit the scope of the invention
described in the claims.

15 Example 1
Example 1 demonstrates an essentially constant boiling mixture of
HFC-43-10mee, HFC-c447 and trans-1 ,2-dichioroethyiene.
A solution of 33% HFC-43-10, 8 % HFC-c447 and .59 % trans-1,2-
dichioroethylene was prepared and mixed thoroughiy. The solution was
20 placed in a dual bulb apparatus as shown in Figure 1. One flask (the boit
sump) was operatad at the boiling point of the solution. The vapor
condensed into the second flask (the rinse sump), which then fiowed by
gravity back into the first flask. The temperature of the boil sump and the
composition of the rinse sump were measured over a course of 470

25 minutes. Results obtained are summarized in Tabie 1.



% HFC-43- 10mee ; % MFG-0447 % trans DCE 1 (120 min) 147.7 9.96.9 83.2 2 (240 min) 47.5 8.9
6.8 84.3 3 (360 min) 48.2 8.9 6.7 84.4 4 (480 min) 48.2 8.3 6.6 85.1 Example 5 A solution of 14.7
% HFC-43-10, 15.0 % RFC-0447 and 70.3 % trans 1,2-dichloroethylene was prepared and mixed

thoroughly. The 5solution was placed in a dual bulggparatus as shown in Figure 1. The boil flask
was operated at the boiling paint of the solution. The Vapar condensed. into the second flask (the

distillate flask), WhaERARIEen flowed 85 5ralRPbackintihetfst H3aiTReadfipeAiranst et ail flask
and the composifigpgf the distillaie,faskeware meaggpgdeover a course of 465 10minutes. Regults
obtained are summarized in Table 5. TABLE 5/Sample (time)

1 47.8 43.0 5.4 51.6

2 47.0 40.4 6.1 53.9

3 47.2 387 6.3 £4.0

4 46.7 39.3 8.5 54.2

Results show the boiling point and composition do not change significantiy
over time and therefore can be considered azeotrope-like.
5 Example 2

A solution of 15% HFC-43-10, 15 % HFC-c447, 68 % trans, 1,2-
dichloroethyiene and 2 % Isopropyl alcohol was prepared and mixed
thoroughly. The solution was placed in a dual bulb apparatus as shown in
Figure 1. One flask (the boil sump) was operated at the boiling point of

10 the solution. The vapor condensed intc the second flask (the rinse

sump), which then flowed by gravity back into the first flask. The
temperature of the boil sump and the composition of the rinse sump were
measured over a course of 435 minutes. Results obtained are

summarized in Table 2.

15 TABLE 2
Sampie Temp of % HFC- % HFC- % trans % IPA
(time) boil sump | 43-10mee c447 DCE
¢ C)
1 46.3 19.0 13.0 67.3 0.7
46.8 18.7 12.9 67.4 1.0
48.8 18.4 13.0 87.3 1.2

Results show the boiling point and composition does not change
significantly over time and therefore can be considered azeotrope-like.

Example 3
20 A solution of 4.5 % HFC-43-10, 5.0 % HFC-c447, 87.5 % trans 1,2-

dichlorosthylene and 3.0 % methanol was prepared and mixed thoroughly.

10



Temp of boil sump ( C) % HFC-43- 10mee % HFC-c447 % trans DCE 1 (_105 min) 46.3 18.9 12.9 68.2
2 (225 min) 47.1 19.6 12.5 67.9 3 (345 min) 46.9 19.2 12.8 68.0 4 (465 min) 46.6 18.1 13.2 68.7
15Example 6 A solution of 42.7 % HFC-365, 8.3 % HFC-c447 and 49.0 % trans

L2-dichloroethylergangsnishaiad spieated Bas Al aFhe salilion was plagad in a dual bulb

apparatus as shown in Figure 1. The boll flask was opera e'b_0|I|ng pain 0 ution. The
vapor condensed Q0fitREic(tiebril sHBK)Negi Snirated sk thehidiithe powed the graivitishack into

the first flask. Therienpgiaiteidhsdeihfisheaddbneamponionaiins distlare fasiqwere
measured over a course of 480 minutes. Results obtaine areaéﬁmrrl]%nze in M’e@?'c
then flowed by gravity back into the first flask. The temperature of the boil
5 sump and the compesition of the distillate sump were measured over a

course of 390 minutes. Results obtained are summarized in Table 2.

TABLE 3
Sampie Temp of % HFC- % HFC- % trans | %
(time) boil sump | 43-10mes ca47 DCE methanol
" <)
1 (60 min) 47 4 6.2 5.1 84.8 3.8
2 (270 46.5 5.7 5.2 85.6 3.5
min)
3 (390 46.5 5.8 5.2 85.2 3.8
min)
Example 4
10 A solution of 6.2 % HFC-43-10, 8.1 % HFC-c447, 87.7 % trans 1,2-

dichloroethylene was prepared and mixed thoroughly. The solution was
placed in a dual bulb apparatus as shown in Figure 1. The boil flask was
operated at the boiling point of the solution. The vapor condensed into
the second flask (the distiliate fiask), which then fiowed by gravity back
into the first flask. The temperature of the boil flask and the composition of
the distiliate flask were measured over a course of 480 minutes. Results
obtained are summarized in Tabie 4.

TABLE 4
Sampie Temp of boil | % HFC-43- | % HFC-c447 | % trans DCE
(time) sump (° C) 10mee
1 (120 min) 47.7 9.9 6.9 83.2
2 (240 min) 47.5 8.9 6.8 84.3
3 (360 min) 48.2 8.9 6.7 84 4
4 (480 min) 48.2 8.3 6.6 85.1

11



TABLE 6 Example 7 A solution of 10.3 % HFC-365, 19.7 ./0 HFC-c447 and 70.0 A trans
1,2-dichloroethylene was prepared and mixed thoroughly. The solution was placed in a dual bulb
apparatus as shown in Figure 1. The boil flask was operated at the boiling point of the solution. The
vapor condensed into the second flask (the distillate flask), which then flowed by gravity back into the
first flask. The temperature of the boil flask and the 10 composition of the distillate flask were
measured over aZ¥@RRI®HP460 minutes. Results obtained are summarized in Table 7. TABLE 7

Sample (time) Temp of ol eumer (@) 9 HEE: 285m0 Y00 5G4 R b #asiDERs 156100 min) 46.7
12.218.2 69.6 2 (220 min) 46.9 13.4 16.9 69.7 3 (340 min) 47.0 12.6 17.6 69.8 4 (460 min) 46.9

trans 1,2-dichloroethylene was prepared and mixed thoroughly. The

5  solution was placed in a dual bulb apparatus as shown in Figure 1. The

boil flask was operaied at the boiling point of the solution. The vapor

condensed nto the second flask (the distiliate flask), which then flowed by

gravity back into the first flask. The temperature of the boil flask and the

compaosition of the distillate flask were measured over a course of 465

10 minutes. Resulis obtained are summarized in Table 5.

TABLE S
Sample Temp of boit | % HFC-43- | % HFC-c447 | % trans DCE
(time) sump (° C) 10mee
1 (105 min) 48.3 18.9 12.9 68.2
2 (225 min) 47 .1 19.6 12.5 67.9
3 {345 min) 48.9 19.2 12.8 68.0
4 (465 min) 46.6 18.1 13.2 68.7

15 Example 6
A solution of 42.7 % HFC-365, 8.3 % HFC-c447 and 48.0 % trans
1,2-dichloroethylene was prepared and mixed thoroughly. The solution
was nlaced in 2 dual bulb apparatus as shown in Figure 1. The boil flask
was operated at the boiling point of the solution. The vapor condensed
20 into the second flask (the distiliate flask), which then flowed by gravity
back into the first flask. The temperature of the boil flask and the
composition of the disfiliate fiask were measured over a course of 480

minuies. Results obtained are summarized in Tabie 6.

12



12.1117.9 70.0 15 Example 8 Example 8 demonstrates the solubility of hydraulic fluid in mixtures
as a function of composition. The solubility of ML 5606 hydraulic fluid was determined in various
20 mixtures of HFC-43-10mee, HFCP and trans-12-dichloroethylene by preparing saturated solutions
of hydraulic fluid in the various solvent compositiopggng #en allowing the solvent to evaporate to
determine the weight. fraction hydraulic oil Resultsare summatized in Table 8. TABRLE 8 %HFC-43-

IOmeee % HFOPS&MRIAS SolubiltgTR 8EpeiI3p 30°%4GHESS 27 JoECe44d 5 % anssREs| 26.5
26.5 47 (time) sump (° C) 365mfc

1 396 50.1 37 462

2 40.0 492 3.9 46.9

3 40.0 487 41 472

) 40.0 48 6 42 472

Example 7

A soiution of 10.3 % HFC-385, 18.7 % HFC-c447 and 70.0 % trans
5 1,2-dichioroethylene was prepared and rmixed thoroughly. The solution
was placed in a dual bulb apparatus as shown in Figure 1. The boil flask
was operated at the boiling point of the solution. The vapor condensed
info the second flask (the distillate fiask), which then flowed by gravity
back into the first flask. The temperature of the boil flask and the
10 composition of the distillate flask were measured over a course of 480

minutes. Results obtained are summarized in Table 7.

TABLE 7
Sample Temp of boil % HFC- | % HFC-c447 | % trans DCE
(time) sump (° C) 385mic
1 {100 min} 48.7 12.2 18.2 58.6
2 (220 min) 5.9 134 168 | 697
3 (340 min} 47.0 12.6 17.6 50.8
4 (460 min) 46.9 12.1 178 70.0

Exampie 8
Example 8 demonstrates the solubility of hydraulic fluid in midures
as a function of compaosition.
The solubitity of ML 5606 hydrauiic fiuid was determined in various
20 mixtures of HFC-43-10mee, HFCP and trans-1,2-dichioroetnylene by

preparing saturated solutions of hydrauiic fluid in the various solvent

13



22 25.5 25.5 49 25 25 25 50 28 24.5 24.5 51 > 89 5 Example 9

Example 8 demonstrates the
solubility of hydraulic fluid in mixtures as a function of composition. The solubility of ML 5606 hydraulic
fluid was determined in various 10mixtures of HFC-365mfc, HFCP and trans-1,2-dichloroethylene by

preparing Saturawnﬂgﬂm}%?famdﬁéﬁfaﬂﬁw{ e \BI0uRsR)

the solvent to evaporate to determine the weight fraction hydraulic oil. Results are summarized in

QA0S s RR allowing

Table 9. 15TABLEEDbINFaRticreBsitawicIPE PReSUIER S ShmmRred i560abE 30 40

TABLE 8
%MHFC-43- % HFCP % trans Solubiiity ML

10meee 5606
30 30 40 <0.5
27.5 27.5 45 <0.5
27 27 48 <05

268.5 26.5 47 22

25.5 255 49 25

25 25 50 28
24.5 24.5 51 > 89

5
Example 8

Example 8 demonstrates the solubility of hydrauiic fluid in mixtures

as a function of composition.

The solubility of ML 5606 hydraulic fluid was determined in various
10 mixtures of HFC-3685mfc, HFCP and trans-1,2-dichioroethylene by

preparing saturated solutions of hydrauiic fluid in the various solvent

compositions, and then allowing the solvent to evaporate to determine the

weight fraction hydraulic oil. Results are summarized in Table 9.

15 TABLE &
%HFC-365mfc % HFCP % trans Solubility ML

5606

30 30 40 0.5%

28.5 29.5 41 33%

28 28 42 36%

28.5 28.5 43 38%

27.5 27.5 45 48%

27 27 46 80%

14




0.5% 29.5 29.5 41 33% 29 29 42 36% 28.5 28.5 43 38% 27.5 27.5 45 48% 27 27 46 90% Example 10
Freezing points were determined by mixtures of HFC-43-10mee and HFC-0447. Blends were prepared
by weighing appropriate amounts 5of the two hydrofluorocarbons into sample bottles and then shaking
to mix thoroughly. The samples were then placed in a storage chamber maintained at 0 C for 24
hours, and then observed. Observations are recorded in Table 10. TABLE 10 Wt % HFC-43-10mee
VVt % HFC-0447.

Freezing peints were determined by mixtures of HFC-43-10mee
and HFC-c447. Blends were prepared by weighing appropriate amounts
5 of the two hydrofluorocarbons into sample bottles and then shaking to mix
thoroughly. The samples were then placed in a storage chamber
maintained at 0° C for 24 hours, and then observed. Observations are
recorded in Table 10.

TABLE 10
Wit % HFC-43-10mee Wt % HFC-c447 Appearance
2 a8 Frozen solid
5 85 Frozen solid
8 82 Frozen solid
i0 80 Liguid with 10% solid
15 85 Clear liquid

10

Exampie 11
Freezing points were determined by mixtures of HFC-385mic and

HFC-c447. Blends were prepared by weighing appropriate amounts of the
two hydrofluorccarbons into sample bottles and then shaking to mix

15 thoroughly. The samples were then placed in a storage chamber
maintained at 0° C for 24 hours, and then observed. Observations are
recorded in Table 11.

TABLE 11
Wt % HFC385mifc Wt % HFC-c447 Appearance
0 100 Solid
5 85 Solid w/ 5% liguid
10 80 Liguid w/ 10% solid
15 85 Liguid
20 80 Liguid
25 75 Liguid

20

-
o



2 98 Frozen solid 5 95Frozen solid 8 92 Frozen solid 10 90 Liquid with 10% solid 15 85Clear liquid

Example 11

Freezing points were determined by mixtures of HFC-365mfc and HFC-c447. Blends

were prepared by weighing appropriate amounts of the two hydrofluorocarbons into sample bottles

and then shaking to minLpsheraUgbaIT BEREERIRTWE ElbeRoRlacasbinA s Prage cBamber

maintained at O C for 24 hours, and then observed. Observations are recorded in Table 11. TABLE 11
Wt % HFC365mAeparnfinm ot theexapulrs e 1a0ersdiitha s BRTHPR/O56 $eRRIE0 90 Liquid w/

10% solid 15

10

15

20

25

activity may not be required, and that one or more further activities may be
performed in addition to those described. Still further, the orders in which
aclivities are listed are not necessarily the order in which they are
performed.

in the foregoing specification, the concepts have been described
with reference to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes can be made
without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications ars
intended to be included within the scope of invention.

Benefits, other advantages, and solutions to problems have been
described above with regard to specific embodiments. However, the
benefits, advantages, solutions {o problems, and any feature(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
teature of any or all the claims.

It is to be appreciated that certain features are, for clarity, described
herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features that
are, for brevity, described in the context of a single embodiment, may also
be provided separately or in any subcombination. Further, reference to
values stated in ranges include each and every value within that range.

16



85 Liquid 20 80 Liquid 25 75 Liquid Note that not all of the activities described above in the
general description or the examples are required, that a portion of a specific activity may not be
required, and that one or more further activities may be performed in addition to those described. Still
further, the orders in which 5activities are listed are tl essarily the order in which they are
‘performed. In the foregoing specification, the c%ave been described with reference to
specific embodinyghts. islolggwed Bne of ordinary skill in the art appreciates that various modifications:
and changes canEbe mage 10without gggartin% fram the scope. of the inv ntio,%]@/s ﬁet forth in the
claims below. Actordindly' 88 P8R fickToR° %85‘& B 5%%3 M'anfiB¥trative rather than
a restrictive sense, andvadligbttorabdificalienbaresigiensies hy drefiud rstediveithoo tineristope of
invention. Benefits, other adv es, and solutions to problem ve been 15 describe ove with
regard to specific emboc{hi’éln't ’%Wé%ﬂ?,e ﬁé%@&%ggﬁegﬁtlgg%% Eglﬂ’t%%ﬁ?t@ ﬁ?%%%rg@%nd any
feature(s) that may caudsy ansidrenefit, 2dvariiaghe ptasiolotmry tdopetiaoe baod me ancsegronounced
are not to be construed a§ aﬁfritical req?L{ir.ed, ar essantial tfeature ﬁsf any or all the claims. 20It is to be
appreciated that certainf PEs Egrgf Xlgﬁtﬁi A HBRY'RARIEANR R @ htekt f separate
embodiments, may alsodiehpyotlegleneombination in a single embodiment, Conversely, various
features that are2for breygg, %%SCQQEF lijn t}h& a%on@wh%‘raisi%%e %%bo%li%er%o%a Egt{lasso be provided
separately or in any subcombination. Eurﬁ’ner, feterehce T0 vovaftesriated 1 ges’include each and
every valud @vithin that rémge alolud ikt \Wbat is! Sfdime dvisightAn abeotrbpéeliike weigpbsition
comprising: from about 2% ight to about, 50% by, weight of rofluarqcarbon ¢ gising 1,1,1
33 pentafluorabutane, Ko Ao ) QG B i gt F i o SBSTREGHS
.2,2,3,3,4-heptafluorocyblopenigand, b 2d2ah 2yt afffeatey dlogisstdviaganits aridasirtbmihants of
trans-1 ,2- dichloroethyleng. The co sition, of.claim 1 wherein the composition comprises from
about from about 10% b%q%e%hﬁ%ggﬁ?oﬂ?%%% éydj\?g]}j% Qﬁy?f ??,'3-pentafluorobutane, from about 2%
by weight to abo8t 50% DyevasightrbeARe3cdheptaffuof algirio pevtanei aite: apkepstsitiorut 41% by
weight trans:1 ,2-dichlorgethylene..Th otr -Iik% sition of claim 1 wherein the composition
comprises frsom about fr%?nm%]gt?g fb%ﬁ b%%@g{éﬁﬁ%% cg'gtng%%% V\\/v%%g‘hﬁ,tf,%%u{eé%% Bﬁ
,3,3-pentafluorobutane, freighadotit, 298 Bypssighititoahdan2)foby aighP% by weight to

1, 1,2,2,3,3,4-heptafluor%%ﬂ?gs%zﬂ?“%@éwqrq ?bé)létélg% gy{t %FHEE% Jy gr?n%)&tﬂgg%o QK {yveig ht trans-1

,2- dichloroethylene. The azeotrope-fike compadsition’ of ¢laim rising from about 1% by

weight to about 6% by visighabbah4@to iy WEghd 2e cibopk-fReccompeiitibirafelhiid-4 wherein the

alcohol is selected from&%lgpgg%%ﬁ%}%sting of methanol, ethanol, 1- propanol, 2-propanol and

2-methyl-2-propanol. The azeotrope-like' composition of claim 5 wherein the alcohol is 2-propanol.
20 4. The azeotrope-like composition of claim 1 further comprising from

about 1% by weight to about 6% by weight of an alcohol.

3. The azeotrope-like composition of claim 4 wherein the alcohol is
selected from the group consisting of methanol, ethanol, 1-
propanol, 2-propanol and 2-methyl-2-propanol.

25 6. The azeotrope-like composition of claim 5 wherein the alcohol is

2-propanol.
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